INTRODUCTION
An addition of organic matter as crop or animal residues influences physicochemical and biological properties of soil. Maintenance of soil organic matter level is a practical problem of tropical countries like India. The application of organic residues is a must for maintenance of fertility level of these soils as it leads to the formation of humus which affects growth and development of plants SUHAS P. WAN1 AND P. A. SHINDE J and micro-organisms 2, 7,13,14, 24-. A large surplus of wheat straw has been the result of the increased production of wheat by intensive cultivation and mechanization. The wheat straw yield for India alone was 8.72 million tons during 1974.
Decomposition of organic matter is essentially a microbiological process17, 18, 23, 24 . The way to solve the problem of maintaining soil organic matter level is to recycle the agricultural wastes either by composting or direct soil incorporation, but the composting process is very laborious and time consuming. It has been reported earlier that direct incorporation of crop residues adversely affected the crop growth 1, s. This communication deals with the effect of direct incorporation of wheat straw inoculated with different micro-organisms on yields of groundnut followed by wheat and also its effect on soil nitrogen and organic carbon content.
MATERIALS AND METHODS
The experiment, consisting of thirteen treatments three times replicated was conducted during the rain fed (Kharif) and irrigated summer (Rabi) seasons of 1974, at the Central Campus of Mahatma Phule Krishi Vidyapeeth, Rahuri, India. The soil was light -sandy and had 0.043% nitrogen, 0.369% organic carbon and pH of 8.65. The straw used for incorporation contained 9.90% moisture, 36% organic carbon, 0.45% total nitrogen, 0.025% total phosphorus and 0.30% potash. The fungal cultures, Alternaria tenuis, Staphylotrichum coccosporurn, and Penicillium digitatum and a bacterial isolate Bacillus sp. with good decomposing ability were used.
The beds of 2.7 m by 2.7 m were prepared and 12 kg of chopped undecomposed wheat straw was spread uniformly in each bed. A solution of urea was sprinkled to adjust the C:N ratio of straw to 36. Two C:P ratios of 200 and 65 for the straw were used. The phosphorus content was adjusted with super phosphate solution. The inoculated treatments received 150 ml of culture suspension (104 spores/cells per ml) and the straw was thoroughly mixed with soil. The plots were lightly irrigated before sowing.
Groundnut seeds of S.B. XI variety treated with agroson and Rhizobium culture were dibbled at a spacing of 30 x 15 cm and the plots were lightly irrigated. Other interculture operations and irrigations were given as and when required. Ten plants were selected from each bed at random and harvested separately for observations, such as shelling percentage, thousand kernel weight, dry matter, nitrogen and phosphorus uptake by plants. The total pod yield from each bed was also recorded. The plants were analysed for total nitrogen and phosphorus by microkjeldahl and vanodomolybdophosphoric yellow color methods, respectively 11. Soil samples taken after the groundnut crop were analysed for total nitrogen (macrokjeldahl method) 11, and organic carbon:2. The beds were cleaned off the crop residues without disturbing the layout. Soil in each bed was loosened and irrigated prior to sowing of wheat. Wheat seeds of Sonalika variety were sown at the rate of 125 kg/ha with a row to row spacing of 22.5 cm. Ten wheat plants selected at random were harvested for dry matter and thousand grain weight. The total yield of grain and husk from each plot was recorded.
RESULTS
The yield data of groundnut (Table 1) indicate that direct pulverization of straw alongwith different micro-organisms resulted in favourable increase in yield. .
--
The treatments viz, wheat straw of 65 C:P ratio + P. digitaturn, wheat straw of 65 C:P ratio + S. coccosporum and wheat straw of 200 C:P ratio alone gave a significant increase in yield over an uninoculated control receiving no wheat straw. Three of the treatments had lower yields than the control but the reduction was not significant. The treatments with narrower C:P ratio and inoculation with cultures gave higher yields than the treatments of a wider C :P ratio inoculated with the same cultures. A maximum increase in the yield of 37.18 per cent over the control was recorded when wheat straw of 65 C:P ratio inoculated with P. digitaturn was incorporated. The data on shelling percentage and thousand kernel weight of groundnut were statistically in-significant and are not discussed here.
The data in Table 1 also show that direct incorporation of wheat straw alongwith different micro-organisms did not affect the dry matter of groundnut plants at flowering as well as at harvesting stage. However, nitrogen uptake by groundnut plants was significantly higher in the case of the treatments 1 and 3 to 8. The treatments with narrower C: P ratio showed higher nitrogen uptake than their respective treatments with wider C: P ratio. Wheat straw addition alone did significantly increase the nitrogen uptake by groundnut plants but wheat straw enriched with nitrogen failed to show a significant increase. A significant increase in phosphorus uptake was observed with wheat straw of 65 C:P ratio inoculated with Bacillus sp. Unlike overall other treatments of nitrogen, phosphorus uptake was not related with C:P ratio. On the contrary, in two cases the uptake was lower with a narrow C:P ratio than that of wider C:P ratio.
The data on soil analysis after groundnut (Table 2 ) indicate a significant increase of total nitrogen and organic carbon with all the treatments except control. A maximum increase in nitrogen content of soil was observed with wheat straw of 65 C:P ratio + S. coccosporum and wheat straw of 65 C:P ratio + Bacillus sp. Organic carbon content of all the treatments showed a positive increase over control. The increase in organic carbon ranged from 75 to 109 per cent over control. It is interesting to note that more nitrogen and organic carbon contents were observed in inoculated treatments with narrower C: P ratio than the treatments inoculated with same cultures but a wider C: P ratio. Though non-significant, a slight reduction in pH towards neutrality was observed in all the treatments.
Data on dry matter, grain yield, thousand grain weight and grain to husk ratio of wheat indicated that only wheat straw of 65 C:P ratio + P. digitatum had given significant increase in dry matter at harvest stage. Though in-significant, a slight increase in dry matter was observed with all other treatments except Nos. 1, 8 and 12. Table 3 also indicates that all treatments except wheat straw of 65 C: P ratio and wheat straw of 200 C:P ratio + P. digitatum gave significantly increased wheat yields over control. A maximum increase of 79 per cent in grain yield was observed with wheat straw of 200 C: P ratio followed by treatments of wheat straw with nitrogen. No significant differences in thousand grain weight of wheat and grain to husk ratio were observed.
DISCUSSION
Our experiments indicate that direct pulverization of straw alongwith different micro-organisms had a favourable effect on groundnut yield. The higher yields observed with inoculated treatments of narrower C: P ratio than their respective treatments with wider C:P ratio indicate that higher doses of phosphatic fertilizers enhanced the activities of added strawdecomposing organisms resulting in a direct or indirect favourable effect on groundnut yields. Besides, a reverse trend in yield was noted with uninoculated treatments of wheat straw with either C: P ratios. An increase in yield due to incorporation of organic matter with adequate nitrogen was reported earlier 1~ The direct incorporation of straw alongwith different micro-organisms and with adequate amounts of nitrogen and phosphorus may possibly eliminate the laborious and also the time consuming process ofcomposting. The increase in crop yields due to direct incorporation of organic materials and not the compost addition, was observed by several workers 4, 6,13, is. The slight reduction in yield with two of the treatments over the control observed in this experiment may be due to phytotoxic substances in the straw or produced by micro-organisms from the straw. These treatments also had surprisingly a wider C:P ratio. The reduction in crop yields was also observed by various workers 3'9' 1~, 19 when crop residues of wheat, corn, sorghum and oat were left on the soil surface. They have attributed this reduction in yield to the presence of phytotoxic substances. Incorporation of straw with different cultures had an additive effect on the organic carbon and nitrogen contents of the soil. Similar results were recorded by earlier investigators 1 o, 12. The current experiments indicate that higher doses of phosphatic fertilizers added with straw had a beneficial effect on residual nitrogen and organic carbon content of soil. The present investigation also shows that the incorporation of straw with different cultures slightly reduces the pH of soil towards neutrality. The use of wheat straw was proposed for reclamation of saline-alkaline soils. 5
Residual trial with wheat shows that incorporation of straw with different micro-organisms not only favours the growth of groundnut but also gives higher yields of wheat as a second crop. The increase in wheat yield was due to the increase in nitrogen and organic carbon content of soil. It was stated that application of straw produced higher cereal yield than mineral fertilizers ~ 2 the next two years after application.
